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(57) ABSTRACT

An optical pickup lens having a lens and a lens holder, each
of which has at least one mark 1n a direction of rotation
based on an optical axis of the lens as a center of rotation.
The mark(s) of the lens holder 1s provided so as to oppose
the mark(s) of the lens. Preferably, the marks of the lens and
the marks of the lens holder are provided at regular intervals.
Since both the lens and the lens holder have the marks
thereon, the lens can be mounted on the lens holder at a
predetermined angle 1n the direction of rotation of the lens
based on the center of rotation of the lens.
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OPTICAL PICKUP LENS COMPRISING A
LENS AND A LENS HOLDER WHICH HAVE
MARKS TO EASILY MOUNT THE LENS ON
THE LENS HOLDER AT A
PREDETERMINED ANGLE IN THE 5
DIRECTION OF ROTATION OF THE LENS,
AND OPTICAL PICKUP UNIT COMPRISING
THE OPTICAL PICKUP LENS

CROSS REFERENCE TO RELATED PATENT 10
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) on Patent Application No. 2003-043994 filed in

Japan on Feb. 21, 2003, the entire contents of which are 15
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to an optical pickup lens to 20
be used 1n an optical pickup unit mounted on an optical disc
apparatus for recording data on an optical disc or the like or
reproducing the recorded data therefrom.

BACKGROUND OF THE INVENTION 53

Optical pickup units are mounted on optical disc appara-
tuses (including magneto-optical disc apparatuses) such as
compact discs (or CD), mimi discs (or MD) and digital
versatile discs (or DVD) apparatuses, etc. so as to record 3
data on optical discs or reproduce the recorded data there-
from.

FIG. 13 shows a schematic diagram 1llustrating a structure
of a conventional optical pickup unit (90), in which an
optical pickup lens (10) comprising a lens (or an objective 35
lens) (20) and a lens holder (30), a reflecting mirror (60), a
collimator lens (70), and an optical unit (80) are arranged 1n
this order from the side close to an optical disc (350). The
optical unit (80) comprises a semiconductor laser as a light
source (not shown) for emitting a laser beam, and photo 49
detectors (not shown) which receive retlected light from the
optical disc. A laser beam from the semiconductor laser of
the optical unit (80) passes through the collimator lens (70),
the reflecting mirror (60) and the lens (20) so as to wrradiate
the optical disc (50). The laser beam retlects on the optical 45
disc (50), and then the retlected laser beam goes backward
to be detected by the photo detectors of the optical unit (80).

The lens (20) 1s mounted on the lens holder (30) which 1s
connected to and 1s driven by an optical pickup lens-driving
mechanism (an actuator, not shown). The optical pickup lens 50
(10) 1s composed of the lens (20) and the lens holder (30).
This arrangement makes 1t possible to change position of the
lens (20) relative to the optical disc (50) by operating the
actuator. In other words, 1t 1s possible to drive the lens (20)
independently 1n a direction parallel to an optical axis (40) 553
of the lens and 1n a radial direction of the optical disc (50)
(1.e., a direction perpendicular to an optical axis (40) of the
lens). Therefore, focusing and tracking can be controlled.

Generally, a plastic lens formed by 1njection molding 1s
used for the optical pickup lens. The plastic lens 1s formed 60
by 1njecting molten plastic into a cavity of a mold through
a gate of the mold, cooling and solidifying the same.
Therefore, optical distortion (astigmatism) tends to grow 1n
the plastic lens because of an influence of the resin flow
generated on the lens being shaped in the mold. Moreover, 65
in case where the mold has a plurality of cavities, subtle
difference 1n the flow of the resin ito the cavities of the

2

mold varies the astigmatism of a plurality of the resultant
lenses which are shaped 1n the respective cavities. Further-
more, even 1f a plurality of plastic lenses are shaped 1n the
same cavity, the astigmatism of the resultant lenses may vary
depending on variation 1n molding conditions for each of
lots.

The presence of astigmatism of the optical pickup lens
gives an influence on a focus error signal from the optical
pickup unit, which may lead to unstable focus servo control.
Therefore, careful attention 1s needed for mounting the lens
on the lens holder so that the astigmatism of the lens and the
astigmatism of the optical systems except for the lens can be
canceled by each other as much as possible, to thereby
minimize astigmatism of the whole of the optical pickup
umt. In case of mass-production of optical pickup lenses
cach comprising a lens and a lens holder, an angle for
mounting the lens on the lens holder (1.e., an angle for
rotating the lens based on an optical axis of the lens as the
center of rotation) at which influence of the astigmatism of
the lens can be minimized 1s examined relative to each lot of
molded lenses and to each of the cavities of molds, and then,
the lens 1s mounted on the lens holder at the predetermined
angle.

Conventionally, adjustment of the angle for mounting the
lens (20) on the lens holder (30) 1s carried out as 1llustrated
in FIGS. 14 to 16. FIG. 14 1s a plan view of the optical
pickup lens (10), schematically illustrating a method of
mounting and positioning the lens (20) on the lens holder
(30). FIG. 13 1s a sectional view of the optical pickup lens
shown 1n FIG. 14, and FIG. 16 1s an exploded perspective
view of the optical pickup lens shown 1n FIG. 14. Position-
ing ol the lens (20) relative to the lens holder (30) 1n a
direction parallel to the optical axis (40) of the lens (20) 1s
carried out by placing a flat portion (22) of a round edge (21)
of the lens (20) on a portion (32) of the lens holder (30)
which receives the tlat portion (22) of the round edge (21)
of the lens (20). Further, the positioning of the lens (20)
relative to the lens holder (30) 1n a direction perpendicular
to the optical axis (40) of the lens (20) 1s performed by
contacting an outer peripheral side portion (23) of the round
edge (21) of the lens (20) with a portion (33) of the lens
holder (30) which receives the outer peripheral side portion
(23). Accordingly, the positioming of the lens (20) relative to
the lens holder (30) can be easily achieved in the directions
parallel and perpendicular to the optical axis (40) of the lens
(20), respectively.

However, the conventional optical pickup lens (10) has a
problem 1n that any means has not been taken to determine
a position for rotating the lens (20) in the direction of
rotation (45) of the lens relative to (based on or considering)
the center of rotation of the lens (20) (1.e., the optical axis
(40)). Theretore, the operation of mounting the lens (20) on
the lens holder (30) at the predetermined angle i1s not easy
(ci., JP-A-2001-1262775). Further, the conventional optical
pickup lens (10) has a problem in that it takes long in
mounting the lens (20) on the lens holder (30) at the
predetermined angle (ci., JP-A-2001-126273).

SUMMARY OF THE INVENTION

The present invention 1s developed in order to solve the
foregoing problems, and an object of the present invention
1s to provide an optical pickup lens which comprises a lens
and a lens holder and which makes it possible to correctly
mount the lens on the lens holder at a predetermined angle
with ease and 1n shorter time in a direction of rotation of the
lens relative to a center of the rotation of the lens, compared
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with the conventional optical pickup lenses. Another object
ol the present invention 1s to provide an optical pickup unit
comprising such optical pickup lens, and an optical disc
apparatus comprising such optical pickup unit.

As a result of the present inventor’s intensive researches
for solving the foregoing problems, it 1s discovered that, by
providing distinct marks on a lens and a lens holder 1n a
direction of rotation based on (relative to or considering) an
optical axis of the lens as a center of rotation, the lens can
be correctly mounted on the lens holder at a predetermined
angle with ease and 1n shorter time, as compared with the
conventional optical pickup lenses. The present invention 1s
accomplished based on the above discovery.

In an aspect according to the present invention, there 1s
provided a novel optical pickup lens comprising a lens and
a lens holder each of which has at least one mark 1 a
direction of rotation based on an optical axis of the lens as
a center of rotation.

In an embodiment of the optical pickup lens according to
the present invention, the mark of the lens holder 1s provided
so as to oppose (or face to) the mark of the lens.

In another embodiment of the optical pickup lens accord-
ing to the present mvention, the marks of the lens and the
marks of the lens holder are provided at regular intervals,
respectively.

In other embodiment of the optical pickup lens according
to the present invention, one mark 1s provided on a position
of a periphery of the lens, and at least eight marks are
provided on such positions of the lens holder that are
adjacent to the periphery of the lens.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, one mark 1s provided on such
a position of the lens holder that 1s adjacent to the periphery
of the lens, and at least eight marks are provided on positions
of the periphery of the lens.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, at least one of the marks of the
lens 1s discriminated from the other marks thereof.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, the lens has a round edge on
which the mark of the lens 1s provided.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, the mark of the lens 1s 1n a form
of a line, a convex portion, or a concave portion.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, the convex portion 1s provided
as the mark of the lens, and a fitting portion which fits with
the convex portion of the lens 1s provided on the lens holder.

In a further embodiment of the optical pickup lens accord-
ing to the present mvention, a plurality of fitting portions
cach of which fits with the, convex portion of the lens are
provided on the lens holder by providing, on the lens holder,
a plurality of ribs each of which opposes the convex portion
of the lens and protrudes 1n a direction parallel to the optical
axis of the lens.

In a further embodiment of the optical pickup lens accord-
ing to the present invention, a plurality of fitting portions
cach of which fits with the convex portion of the lens are
provided on a portion of the lens holder which receives an
outer peripheral side portion of the lens by forming a
plurality of grooves each of which opposes the convex
portion of the lens and extends 1n a direction parallel to the
optical axis of the lens.

In a further embodiment of the optical pickup lens accord-
ing to the present mnvention, the lens 1s a plastic lens, and the
mark of the lens 1s formed integrally with the lens while the
lens 1s being shaped 1n a mold.
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In another aspect of the present invention, there i1s pro-
vided an optical pickup unit comprising the optical pickup
lens of the present invention.

In a further aspect of the present invention, there i1s
provided an optical disc apparatus comprising the optical
pickup unit of the present invention.

Since the optical pickup lens of the present invention
comprises the lens and the lens holder each of which has at
least one mark in the direction of rotation based on the
optical axis of the lens as the center of rotation, an operation
of mounting the lens on the lens holder at a predetermined
angle 1n the direction of rotation based on the optical axis of
the lens as the center of rotation can be facilitated.

Preferably, one convex portion 1s provided on a position
of the periphery of the lens, and the plurality of fitting
portions each of which fits with the convex portion of the
lens are provided at regular intervals and at positions on the
lens holder each of which can oppose the convex portion of
the lens. Therefore, the positioning of the lens in the
direction of rotation based on the optical axis of the lens as
the center of rotation can be easily carried out in accordance
with the predetermined angular scale.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be fully understood by the
description with reference to the accompanying drawings.

FIG. 1 1s a front view of an optical pickup lens according
to Embodiment 1 of the present invention.

FIG. 2 1s an exploded perspective view of the optical
pickup lens according to Embodiment 1 of the present
invention.

FIG. 3 1s a front view of an optical pickup lens according
to Embodiment 2 of the present invention.

FIG. 4 15 a front view of an optical pickup lens according
to Embodiment 3 of the present invention.

FIG. 5§ 1s a sectional view of the optical pickup lens
according to Embodiment 3 of the present invention.

FIG. 6 1s an exploded perspective view of the optical
pickup lens according to Embodiment 3 of the present
invention.

FIG. 7 1s a front view of an optical pickup lens according
to Embodiment 4 of the present invention.

FIG. 8 1s a sectional view of the optical pickup lens
according to Embodiment 4 of the present invention.

FIG. 9 1s an exploded perspective view of the optical
pickup lens according to Embodiment 4 of the present
invention.

FIG. 10 1s a front view of an optical pickup lens according
to Embodiment 5 of the present invention.

FIG. 11 1s a sectional view of the optical pickup lens
according to Embodiment 5 of the present invention.

FIG. 12 1s an exploded perspective view of the optical
pickup lens according to Embodiment 5 of the present
invention.

FIG. 13 1s a schematic diagram of a conventional optical
pickup unit, illustrating a structure thereof.

FIG. 14 1s a plan view of a conventional optical pickup
lens, 1llustrating a conventional method of mounting a lens
on a lens holder and positioning the lens relative to the lens
holder.

FIG. 15 1s a sectional view of the conventional optical
pickup lens, illustrating the conventional method of mount-
ing the lens on the lens holder and positioning the lens
relative to the lens holder.

FIG. 16 1s an exploded perspective view of the conven-
tional optical pickup lens, illustrating the conventional
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method of mounting the lens on the lens holder and posi-
tioming the lens relative to the lens holder.

DESCRIPTION OF REFERENCE NUMERALS

10=an optical pickup lens, 20=a lens, 21=a round edge of
the lens, 22=a flat portion of the round edge of the lens,
23=an outer peripheral side portion of the round edge of the
lens, 30=a lens holder, 32=a portion of the lens holder which
receives the flat portion of the round edge of the lens, 33=a
portion of the lens holder which receives the outer peripheral
side portion of the round edge of the lens, 40=an optical axis,
45=a direction of rotation of the lens, 30=an optical disc,
60=a retlecting mirror, 70=a collimator lens, 80=an optical
unit, 90=an optical pickup unit, 110=an optical pickup lens,
120=a lens, 121=a round edge of the lens, 122=a {lat portion
of the round edge of the lens, 123=an outer peripheral side
portion of the round edge of the lens, 124=a groove (or a
concave portion), 125=a groove, 126=a groove, 127=a con-
vex portion, 128=a convex portion, 130=a lens holder,
132=a portion of the lens holder which receives the flat
portion of the round edge of the lens, 133=a portion of the
lens holder which receives the outer peripheral side portion
of the round edge of the lens, 134=a line, 135=a line, 136=a
groove-like fitting portion, 137=a rib, and 138=a groove-like
fitting portion.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

An “optical pickup lens” according to the present mnven-
tion comprises a lens and a lens holder, each of which has
at least one mark 1n a direction of rotation of the lens based
on an optical axis of the lens as a center of rotation.
Accordingly, the “lens”, the “lens holder” and the “optical
pickup lens” comprising them may be conventional ones,
except that each of the “lens” and the “lens holder” has at
least one mark 1n the direction of rotation of the lens based
on the optical axis of the lens as the center of rotation. In
other words, there 1s no limitation on them as long as the
optical pickup lens intended in the present invention can be
obtained.

In general, the lens holder has an internal space with a
stepped cylindrical shape which 1s formed by stacking two
cylinders with different diameters each other, and the lens 1s
fitted in the cylindrical space with a larger diameter of the
lens holder. The lens fitted in the lens holder 1s rotatable
based on the optical axis of the lens as the center of rotation
within the lens holder. An outer circumierence of the lens 1s
generally 1n a shape of a circle. Theretfore, the optical pickup
lens comprises such a lens and such a lens holder, and at
least one mark 1s provided on the outer circumierence of the
lens, and at least one mark 1s provided at a portion of the lens
holder that 1s adjacent to the outer circumierence of the lens.

The mark of the lens holder 1s preferably provided so as
to oppose the mark of the lens: the mark of the lens holder
1s preferably provided so as to be able to oppose (or face to)
the mark of the lens by rotating the lens on the optical axis
of the lens within the lens holder, since a position of the lens
in the direction of rotation of the lens, relative to the optical
axis of the lens, can be more correctly and more easily
confirmed.

There 1s no limitation on number of the marks of each of
the lens and the lens holder as long as at least one mark 1s
provided on a position of the periphery of the lens and on a
position of the lens holder which 1s adjacent to the periphery
of the lens 1n the direction of rotation of the lens based on
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the optical axis of the lens. Moreover, there 1s no limitation
on 1tervals between each of the marks provided on each of
the lens and the lens holder. However, preferably, the marks
are provided at regular intervals, 1n other words, at regular
angular intervals, relative to the optical axis of the lens as the
center of rotation, because the lens can be correctly mounted
on the lens holder 1n accordance with a predetermined scale
in the direction of rotation of the lens.

In the optical pickup lens according to the present mnven-
tion, 1t 1s preferable to mount the lens on the lens holder n
accordance with a smaller angular scale 1n the direction of
rotation of the lens, 1n order to fully reduce astigmatism of
a whole of an optical pickup unit. The angular intervals of
the marks provided on the lens and/or the lens holder are
preferably not more than 45°. The angular intervals of the
marks provided on the lens and/or the lens holder may be
45°,

Since the lens can be mounted on the lens holder at the
angular intervals of not more than 43°, it 1s preferable to
provide one mark at a position of the periphery of the lens,
and to provide at least eight marks at regular intervals on a
portion of the lens holder which 1s adjacent to the periphery
of the lens.

It 1s also preferable to provide one mark at a position of
the lens holder which 1s adjacent to the periphery of the lens,
and to provide at least eight marks at regular intervals on the
periphery of the lens.

There 1s no particular limitation on a shape, size, pattern
and color of the “mark™ of either of the lens and the lens
holder according to the present invention, as long as the
mark can be a target (or a sign) for indicating the direction
of rotation and the angle of rotation of the lens, and 1s useful
to provide the optical pickup lens according to the present
invention.

Examples of the mark to be provided on the lens include
a line, a convex portion (which contains a projection etc.),
a concave portion (which contains a dent and a groove etc.),
and a fitting portion (which contains a fitting portion to {it
with the convex portion and a fitting portion to fit with the
concave portion).

Examples of the mark to be provided on the lens holder
include a line, a convex portion (which contains a projection
etc.), a concave portion (which contains a dent and a groove
etc.), and a fitting portion (which contains a fitting portion to
{1t with the convex portion and a fitting portion to fit with the
concave portion).

Preferably, at least one of the marks of the lens can be
discriminated from the other marks of the lens, because 1t 1s
casy to specily the direction of rotation of the lens and the
angle of rotation of the lens. There 1s no particular limitation
on a method for discriminating the mark from the other
marks, as long as the mark can be discriminated from the
others. The mark may be discriminated by any method such
as a change 1n a shape, size, pattern, color or the like.

In the optical pickup lens of the present invention, it 1s
preferable that the lens has a round edge because the round
edge makes 1t easy to mount the lens 1mn a predetermined
direction of the lens holder. Further, it 1s preferable to
provide the mark of the lens on the round edge of the lens.
The round edge of the lens has an outer peripheral side
portion and a flat portion, on either of which the mark of the
lens can be provided.

There 1s no particular limitation on a material for making
the lens, such as glass, plastics or the like, as long as the lens
made of such a material can be used 1n the optical pickup
lens. Preferably, the lens i1s made of a plastic since its
production 1s easy. A plastic lens 1s usually made by melt-
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molding, and 1s preferably used, since the mark can be easily
provided on the lens without any special mold, by appro-
priately selecting a shape of a cut portion to be formed on the
lens, when the molded lens 1s cut at a gate of the mold. It 1s
preferable to form the mark of the lens integrally with the
lens while the lens 1s being shaped by molding.

The mark of the lens 1s preferably a convex portion
(which contains a projection etc.) which 1s a part or a whole
of the gate portion of the lens which 1s left to remain after
cutting the gate portion of the lens formed by the gate of the
mold for use 1n 1njecting a molten plastic into the mold to
form the lens. Otherwise, the mark of the lens 1s preferably
a concave portion (which contains a dent and a groove etc.)
formed on the lens after the gate portion of the lens 1s cut.

The lens holder of the present invention may be a com-
monly used lens holder, except that the mark 1s provided on
the lens holder, as mentioned above. Preferably, the mark 1s
provided at such a position of the lens holder that can oppose
the mark of the lens while the lens 1s being rotated within the
lens holder. By doing so, the position of the lens in the
direction of rotation of the lens, relative to the optical axis
of the lens can be more correctly and more easily under-
stood. In case where the lens has a round edge, 1t 1s
preferable that the lens holder has a portion for receiving the
flat portion of the round edge of the lens and a portion for
receiving the outer peripheral side portion thereof, and both
the portions of the lens holder are shaped so as to correspond
to the shape of the round edge of the lens.

Preferably, the marks of the lens and the lens holder have
such shapes as to correspond each other. Examples of the
combination of the marks of the lens and the lens holder (the
mark of the lens-the mark of the lens holder) are (line(s)—
line(s)), (line(s)—convex portion(s)), (line-concave
portion(s)), (line(s)}—groove(s)), (line(s)—dent(s)), (convex
portion(s)—Iline(s)), (convex portion(s)—concave
portion(s)), (convex portion(s)—groove(s)), (convex por-
tion(s)—dent(s)), (convex portion(s)—Iitting portion(s) to
fit with the convex portion(s)), (projection(s)—Iline(s)),
(projection(s)—concave  portion(s)),  (projection(s)—
groove(s)), (projection(s)—dent(s)), (projection(s)—Iitting
portion(s) to fit with the projection(s)), (groove(s)—Iline(s)),
(groove(s)—concave portion(s)), (groove(s)—groove(s)),
(groove(s)—dent(s)), (dent(s)—Iline(s)), (dent(s)—concave
portion(s)), (dent(s)—groove(s)), (dent(s)—dent(s)), etc.,
among which the combinations of (line(s)—Iline(s)),
(groove(s)—Iline(s)), (convex portion(s)—Iitting portion(s)
to fit with the convex portion(s)) and (projection(s)—{itting,
portion(s) to fit with the projection(s)) are preferable.

When the convex portion 1s provided as the mark of the
lens, 1t 1s more preferable to provide the fitting portion which
fits with the convex portion of the lens, as the mark of the
lens holder, because 1t becomes easy to position the lens 1n
the predetermined direction of the lens holder. Preferably,
the convex portion 1s provided on the round edge of the lens.
In this regard, there 1s no limitation on the shape etc. of the
fitting portion as long as the “fitting portion” as the mark of
the lens holder 1s a portion which fits with the mark of the
lens and by which the optical pickup lens of the present
invention can be obtained. Examples of the fitting portion of
the lens holder are a groove-like portion, a rib-like portion,
etc. When the convex portion 1s provided as the mark of the
lens holder, an appropriate fitting portion which can fit with
such the convex portion may be provided as the mark of the
lens.

Because the lens can be easily positioned 1n the prede-
termined direction of the lens holder, preferably a plurality
of fitting portions any of which can fit with the convex
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portion of the lens as the mark of the lens are provided on
the lens holder, by providing a plurality of ribs each of which
can oppose the convex portion of the lens and protrudes 1n
a direction parallel to the optical axis of the lens. There 1s no
limitation on a method of forming the objective ribs which
protrude in the direction parallel to the optical axis of the
lens, as long as the intended ribs can be obtained.

Preferably, a plurality of fitting portions on the lens
holder, each of which can fit with the convex portion of the
lens, are provided by forming a plurality of grooves each of
which can oppose the convex portion of the lens and 1s 1n
parallel to the optical axis of the lens, on the portion of the
lens holder which receives the outer peripheral side portion
of the round edge of the lens. There 1s no limitation on
selection of a method of forming the above grooves on the
portion of the lens holder which receives the outer peripheral
side portion of the round edge of the lens as long as the
intended grooves can be obtained.

It 1s preferable to provide the {fitting portions on the lens
holder, each of which can fit with the convex portion of the
lens, at regular intervals 1n the direction of rotation of the
lens based on the optical axis of the lens as the center of
rotation (1.e., at regular angular intervals based on the axis
of rotation as the center of rotation), since the lens can be
correctly mounted on the lens holder in accordance with a
predetermined scale 1n the direction of rotation of the lens.

It 1s preferable that the fitting portions of the lens holder,
cach of which can fit with the convex portion of the lens, are
provided at regular angular intervals of not more than 45°,
because the lens can be positioned in accordance with the
scale of not more than 45° 1n the direction of rotation of the
lens. Therefore, 1t 1s preferable to provide the fitting portions
on at least eight positions of the lens holder which are
adjacent to the periphery of the lens 1n the direction of
rotation of the lens. Further, the fitting portions may be
provided on eight positions of the lens holder.

The present mvention provides an optical pickup unit
comprising any of the foregoing optical pickup lenses
according to the present imvention. Further, the present
invention provides an optical disc apparatus for such as CD,
MD, DVD or the like, which comprises the optical pickup
unmit according to the present invention.

Hereinatter, the optical pickup lenses according to the
present invention will be described 1n more detail with
reference to the accompanying drawings.

Embodiment 1

FIG. 1 1s a front view of an optical pickup lens according,
to Embodiment 1 of the present invention, and FIG. 2 1s an
exploded perspective view of the same optical pickup lens.
The optical pickup lens (110) comprises a lens (120) and a
lens holder (130). The lens (120) has a round edge (121)
which has a flat portion (122) and an outer peripheral side
portion (123). One groove (or one concave portion) (124) as
a mark 1s formed on the outer peripheral side portion (123)
of the round edge of the lens. The lens holder (130) has a
portion (132) for recerving the flat portion of the round edge
(121) of the lens and a portion (133) for receiving the outer
peripheral side portion thereot, so as to hold the round edge
(121) of the lens. Fight lines (134) as marks are provided at
regular intervals on the top face of the lens holder. The
groove (124) as the mark of the lens 1s located so as to be
able to oppose any of the lines (134) as the marks of the lens
holder. Therefore, the lens can be correctly and easily
positioned 1n a direction of rotation of the lens, relative to the
lens holder.
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In order to fully reduce astigmatism, it 1s preferred that an
angular scale for mounting the lens 1s set at a small angle of
not more than 45°. Therefore, in Embodiment 1, the eight
marks are provided at regular intervals on the lens holder so
as to equally divide a periphery of the lens into eight
portions. In this regard, more marks may be provided at
regular intervals on the lens holder so as to lessen the

angular scale at which the lens is positioned and mounted on
the lens holder.

One of the eight lines (134) provided as the marks of the
lens holder may be discriminated from the other seven lines
by forming 1t with a longer length, forming 1t as double lines,
or forming 1t as a bold line.

Embodiment 2

FIG. 3 1s a front view of an optical pickup lens according
to Embodiment 2 of the present invention, which 1s sub-
stantially the same optical pickup lens as the optical pickup
lens of Embodiment 1, except that eight grooves (125, 126)
as marks are provided at regular intervals on the outer
peripheral side portion (123) of the round edge of the lens,
and that one line (135) 1s provided as a mark on the top face
of the lens holder. One groove (125) of the grooves as the
marks provided on the lens 1s larger in size than the other
seven grooves (126), and therefore can be discriminated
therefrom. Accordingly, this mark of the lens 1s useful to
know which direction 1s displayed by the marks.

Embodiment 3

FI1G. 4 1s a front view of an optical pickup lens according
to Embodiment 3 of the present invention; FIG. 5 1s a
sectional view of the same; and FIG. 6 1s an exploded
perspective view ol the same. The optical pickup lens of
Embodiment 3 1s substantially the same as the optical pickup
lens of Embodiment 1, except that one convex portion (127)
1s provided as a mark on the outer peripheral side portion
(123) of the round edge of the lens, mstead of one groove
(124) as the mark on the outer peripheral side portion (123)
of the round edge of the lens. The convex portion (127) on
the outer peripheral side portion (123) of the round edge of
the lens 1s located at such a position that does not come 1nto
contact with the top face of the lens holder (130), and thus
does not hinder from positioning the lens on the lens holder.

Embodiment 4

FIG. 7 1s a front view of an optical pickup lens according
to Embodiment 4 of the present invention; FIG. 8 1s a
sectional view of the same; and FIG. 9 1s an exploded
perspective view ol the same. The optical pickup lens of
Embodiment 4 1s substantially the same as the optical pickup
lens of Embodiment 3, except that fitting portions (136), any
of which fits with the convex portion (127) of the lens, are
groove-like provided as marks of the lens holder at regular
intervals, by providing ribs (137) on the top face of the lens
holder (130) and at such positions that can oppose the outer
peripheral side portion (123) of the round edge of the lens.

The ribs (137) may be provided on the lens holder by any
method. There 1s no limitation on the method of providing
the ribs (137) on the lens holder, as long as the intended
optical pickup lens of the present invention can be obtained.
The fitting portions, any of which can fit with the convex
portion of the lens, are provided at regular intervals and at
such positions that can oppose the convex portion of the
lens. Furthermore, the convex portion of the lens is fitted 1n
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any of the fitting portions of the lens holder, so that the lens
1s positioned 1n a direction of rotation of the lens. In order
to fully reduce astigmatism, 1t 1s preferred that the angular
scale for mounting the lens 1s set at not more than 45°.
Therefore, eight fitting portions are provided at regular
intervals. Consequently, the lens can be easily positioned at
the predetermined angle by rotating the lens in accordance
with the angular scale of 45°.

Embodiment 5

FIG. 10 1s a front view of an optical pickup lens according,
to Embodiment 5 of the present invention; FIG. 11 1s a
sectional view of the same; and FIG. 12 1s an exploded
perspective view ol the same. In the optical pickup lens of
Embodiment 5, a convex portion (128) provided as a mark
of the lens (120) on the outer peripheral side portion (123)
of the round edge of the lens has the same thickness as that
of the round edge (121) of the lens, and fitting portions
(138), any of which fits with the convex portion (128), are
groove-like provided as marks of the lens holder (130), on
the portion (133) of the lens holder (130) which receives the
outer peripheral side portion of the round edge of the lens.
This arrangement i1s preferably employed, for example,
when the thickness of the round edge (121) of the lens 1s
thin. Depth of the fitting portions (138) of the lens holder 1s
needed to reach the portion (132) of the lens holder which
receives the flat portion of the round edge of the lens, and
therefore, the fitting portions (138) are groove-like formed.
Further, in Embodiment 5, the eight fitting portions (138) are
provided at regular intervals on the lens holder, 1n order to
tully reduce astigmatism.

The groove-like fitting portions (138) may be provided by
any method. There 1s no limitation on the method of
providing the groove-like fitting portions (138) on the lens
holder, as long as the intended optical pickup lens of the
present invention can be obtained.

One of the marks provided on each of the lenses according,
to any one of Embodiments 1 to 5 can be provided by using
a shape of a cut gate portion of the lens which remains on
cutting the gate portion of the lens, 1n case of a plastic lens.
When the mark of the lens 1s a concave portion, such a
concave portion can be obtained by cutting the gate portion
of the lens up to a part of the round edge of the lens. When
the mark 1s a convex portion, the convex portion can be
provided by cutting the gate portion of the lens so as to leave
a part or a whole of such a gate portion to remain.

What 1s claimed 1s:

1. An optical pickup lens comprising a lens and a lens
holder, wherein each of the lens and the lens holder has at
least one mark 1n a direction of rotation based on an optical
axis of the lens as a center of rotation, wherein at least eight
marks are provided on positions of the periphery of the lens
or on positions of the lens holder which are adjacent to the
periphery of the lens.

2. An optical pickup lens according to claim 1, wherein
the mark of the lens holder i1s provided so as to oppose the
mark of the lens.

3. An optical pickup lens according to claim 1, wherein
the marks of the lens and the lens holder are provided at
regular 1ntervals, respectively.

4. An optical pickup lens according to claim 1, wherein
one mark 1s provided on a position of a periphery of the lens,
and at least eight marks are provided on positions of the lens
holder which are adjacent to the periphery of the lens.

5. An optical pickup lens according to claim 1, wherein
one mark 1s provided on a position of the lens holder which
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1s adjacent to a periphery of the lens, and at least eight marks
are provided on positions of the periphery of the lens.

6. An optical pickup lens according to claim 1, wherein at
least one of the marks of the lens 1s discriminated from the
other marks of the lens.

7. An optical pickup lens according to claim 1, wherein
the lens has a round edge, and the mark of the lens 1s
provided on the round edge.

8. An optical pickup lens according to claim 1, wherein
the mark of the lens 1s a line, a convex portion, or a concave
portion.

9. An optical pickup lens according to claim 8, wherein
the convex portion 1s provided as the mark of the lens, and
a fitting portion which fits with the convex portion of the
lens 1s provided on the lens holder.

10. An optical pickup lens according to claim 9, wherein
a plurality of fitting portions each of which fits with the
convex portion of the lens are provided on the lens holder by
providing a plurality of ribs each of which opposes the
convex portion of the lens and protrudes 1n a direction
parallel to the optical axis of the lens.

11. An optical pickup lens according to claim 9, wherein
a plurality of fitting portions each of which fits with the
convex portion of the lens are provided on the lens holder by
forming a plurality of grooves each of which opposes the
convex portion of the lens and extends 1n a direction parallel
to the optical axis of the lens on a portion of the lens holder
which receives an outer peripheral side portion of a round
edge of the lens.

12. An optical pickup lens according to claim 9, wherein
a plurality of fitting portions each of which fits with the
convex portion of the lens are provided on the lens holder at
regular intervals in a direction of rotation based on the
optical axis of the lens as the center of rotation.

13. An optical pickup lens according to claim 9, wherein
angular intervals of the fitting portions of the lens holder
cach of which fits with the convex portion of the lens are
45°,

14. An optical pickup lens according to claim 1, wherein
the lens 1s a plastic lens, and the lens and the mark of the lens
are 1ntegrally formed.

15. An optical pickup lens according to claim 14, wherein

the mark of the lens 1s a convex portion which 1s com-

posed of a part or a whole of a gate portion of the lens
which 1s left to remain after cutting the gate portion of
the lens formed by a gate of a mold through which a
molten plastic 1s injected into the mold so as to form the
lens; or

the mark of the lens 1s a concave portion formed on the

lens after cutting said gate portion of the lens.

16. An optical pickup unit comprising the optical pickup
lens according to claim 1.

17. An optical disc apparatus comprising the optical
pickup unit according to claim 16.

18. An optical pickup lens comprising a lens and a lens
holder, wherein each of the lens and the lens holder has a
least one mark 1n a direction of rotation based on an optical
axis of the lens as a center of rotation, wherein at least one
of the marks of the lens 1s discriminated from the other
marks of the lens.

19. An optical pickup unit comprising the optical pickup
lens according to claim 18.
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20. An optical disc apparatus comprising the optical
pickup unit according to claim 19.

21. An optical pickup lens comprising a lens and a lens
holder, wherein each at the lens and the lens holder has at
least one mark 1n a direction of rotation based on an optical
axis of the lens as a center of rotation, wherein a plurality of
marks of lens and/or lens holder are provided and an angular
interval of the marks provided on the lens and/or the lens
holder 1s not more than 45° based on the optical axis of the
lens.

22. An optical pickup lens according to claim 21, wherein
the mark of the lens holder i1s provided so as to oppose the
mark of the lens.

23. An optical pickup lens according to claim 21, wherein
at least one of the marks of the lens 1s discriminated from the
other marks of the lens.

24. An optical pickup lens according to claim 21, wherein
the lens has a round edge, and the mark of the lens 1s
provided on the round edge.

25. An optical pickup lens according to claim 21, wherein
the mark of the lens 1s a line, a convex portion or a concave
portion.

26. An optical pickup lens according to claim 25, wherein
the convex portion 1s provided as the mark of the lens, and
a fitting portion which fits with the convex portion of the
lens 1s provided on the lens holder.

277. An optical pickup lens according to claim 26, wherein
a plurality of fitting portions each of which fits with the
convex portion of the lens are provided on the lens holder by
providing a plurality of ribs each of which opposes the
convex portion of the lens and protrudes in a direction
parallel to the optical axis of the lens.

28. An optical pickup lens according to claim 26, wherein
a plurality of fitting portions each of which fits with the
convex portion of the lens arc provided on the lens holder by
forming a plurality of grooves each of which opposes the
convex portion of the lens and extends 1n a direction parallel
to the optical axis of the lens on a portion of the lens holder
which recerves an outer peripheral side portion of a round
edge of the lens.

29. An optical pickup lens according to claim 26, wherein
angular intervals of the fitting portions of the lens holder
cach of which fits with the convex portion of the lens are
45°,

30. An optical pickup lens according to claim 21, wherein

the lens 1s a plastic lens, and the lens and the mark of the lens
are integrally formed.

31. An optical pickup lens according to claim 30, wherein
the mark of the lens 1s a convex portion which 1s composed
of a part or a whole of a gate portion of the lens which 1s left
to remain after cutting the gate portion of the lens formed by
a gate of a mold through which a molten plastic 1s injected
into the mold so as to form the lens; or the mark of the lens
1s a concave portion formed on the lens after cutting said
gate portion of the lens.

32. An optical pickup umt comprising the optical pickup
lens according to claim 21.

33. An optical disc apparatus comprising the optical
pickup unit according to claim 32.
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